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MR 脑图像海马自动分割法在 AD 早期诊断中的应用研究 *
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摘要 目的：研究磁共振 （Magnetic resonance，MR） 脑图像中海马的自动分割方法及海马的形态学分析方法，为阿尔茨海默病
（Alzheimer's disease，AD）的早期诊断提供依据。方法：对 20 例 AD 患者和 60 名正常对照者行 MRI T1 WI 3D 容积扫描，建立海
马的三维主动表观模型，并以此模型对每个个体脑部磁共振图像上的海马进行自动识别和三维分割，分别建立正常对照组和 AD
组的海马统计形状模型，比较 AD 组与正常对照组间海马形状的差异性。结果：海马三维分割方法与手动分割方法在海马体积测
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ABSTRACT Objective: To investigate the three-dimensional segmentation method and the differences of regional pattern between
AD and normal aging based on the MRI hippocampal shape analysis to provide effective evidence to assist the early diagnosis of AD.
Methods: 20 AD patients and 60 health persons were included in this study. 3D structure images were obtained on a 3.0 T high-resolution
MR imaging system. Data were processed to create three-dimensional active appearance model of hippocampus. Three-dimensional
segmentation and automatic identification were carried out in the hippocampus for each individual brain MR images with this model, and
the hippocampal statistical shape model respectively for control group and AD group was established, which could compare the
difference of hippocampal shape between AD group and control group. Results: There was no significant difference between
conventional hand-drawing ROIs and 3D segmentation and auto-detected method in the measurement of hippocampal volume (P>0.05).
Hippocampal head atrophy was found in AD patients (P<0.05). Conclusions: Hippocampal three-dimensional segmentation and
automatic identification method based on active appearance model in brain MR image is accurate and reliable; the feature of hippocampal
head atrophy can be used as a basis for diagnosis of AD.
Key words: Hippocampal shape; Magnetic resonance imaging; Alzheimer's disease; Automatic discrimination; Three-dimensional
segmentation
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老年痴呆疾病具有重要关系，如何在磁共振脑图像上自动、准
确地识别和分割海马是进行相关疾病诊断的基础和前提。因此
























年龄段的划分，将 60 名志愿者分为 3 组：青年组 20 例，年龄
18～44（平均年龄 33.6±5.6）岁；中年组 20 例，年龄 45～59（平







所有 MR 图像都在 Philips Achieva 3.0 T 超导型磁共振扫
描仪上采集，使用 Sense 8 通道线圈进行头部 MRI 扫描。
采用 T1 加权 3D 快速场回波（T1 W_3D_TFE）序列进行矢
状位扫描，获得高分辨率三维 T1 加权容积成像，扫描参数为：
TR=7.1 ms，TE=3.2 ms，FOV：200 mm×200 mm×158 mm，Ma-














图 1 (a)和(b)是 Talairach 坐标系，(c)和(d)是改进的 Talairach 坐标系
Fig.1 (a) and (b) is the Talairach coordinate system; (c) and (d) is the improved Talairach coordinate system
为此，需要对每套数据进行如下操作：①降噪；②脑的自动
提取，去除图像中颅骨、脑膜等非脑部组织；③正中矢状面的自





































































































图 2 尾状核三维重建模型 A 利用 Marching Cubes 方法建立的尾状核
三维模型及其骨架 绿色大圆圈 --- 冗余的分叉；绿色小圆圈 --- 表面毛
刺 B 利用形状插值建立的尾状核三维模型 红色 --- 尾状核三维模型；
绿色 --- 轮廓线；蓝色 --- 控制点
Fig.2 Three-dimensional model of caudate nucleus. A Three-dimensional
model of caudate nucleus and its skeleton created by marching cubes. big
green circle---redundant bifurcation; small green circle---surface burr; B
Three-dimensional model of caudate nucleus founded by shape
interpolation. red---3D model of caudate nucleus; green---outline
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图 3 经过基于主动表观模型的磁共振脑图像上海马的自动识别和三维分割法将海马结构同脑内其他结构分开后单独提取出来，图 A 即为分割
出来的海马，图 B、C 和 D 显示的是海马在脑内的位置，与其他脑内结构的毗邻关系：黄色 --- 海马；红色 --- 脑灰质；绿色 --- 脑白质
Fig.3 Hippocampal automatic identification and three-dimensional segmentation method based on active appearance model in brain magnetic resonance
images. With this method, the hippocampus were extracted alone after its separation with other structures in the brain. Figure A is the divided
hippocampus. Figure B, C and D shows the location of the hippocampus in the brain, and the relationship between hippocampus and other brain structures
adjacent to it: yellow---hippocampus; red---brain gray matter; green---brain white matter
图 4 基于主动表观模型的磁共振脑图像上海马的自动识别和三维分割法提取出来的海马通过计算机软件自动进行两侧海马体积测量：黄色 ---
海马；红色 --- 脑灰质；绿色 --- 脑白质
Fig.4 Hippocampal automatic identification and three-dimensional segmentation method based on active appearance model in brain magnetic resonance
images. The volume was automatically measured and calculated by the special computer software for both sides of hippocampus: yellow---hippocampus;
red---brain gray matter; green---brain white matter
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图 5 人工勾勒海马轮廓测量体积与自动识别和三维分割法测量海马
体积的散点图。经 Pearson 相关性统计学分析，两者间具有极强的正
相关性（R2 近似于 1，P < 0.001），表明这两种方法在海马体积测量的
准确性方面无统计学差异，具有很好的一致性。
Fig.5 The scatter map between the hippocampal volume measured by
conventional method with hand-drawing hippocampus outline and that
measured by another novel method of auto-detection and 3D-dissection.
After analysis of Pearson correlation statistics, there was strong correlation
between conventioal hand-drawing ROIs and 3D-dissection method in the
measurement of hippocampal volume (R2=1, P < 0.001)
图 6 AD 患者双侧海马头部形态较正常对照者明显萎缩，且以左侧海
马头部为著，AD 患者左侧海马头部向内明显凹陷
注：黄色 ---AD 患者海马结构；透明灰色 --- 正常对照者海马结构
Fig.6 Bilateral hippocampal head forms had dramatic atrophy in AD
patients compared with normal controls, especially in the left hippocampal
head. Furthermore, it shows that left hippocampal head has significant
inward depression in AD patients.
Note: yellow---hippocampal formation in AD patients; transparent












极强的正相关性（决定系数 R2 近似于 1，P < 0.001）（见图 5）。
2.2 海马形态分析
20 例 AD 患者同 20 例健康志愿者海马形态比较（20 名健
康志愿者与 20 名 AD 患者在年龄、性别、受教育程度上没有统



















3.2 海马形状分析在 AD 自动判别中的价值
海马作为中颞叶记忆系统的一部分[9]，是 AD 中最易受到
损伤的部位之一。已有大量文献表明 AD 患者海马的体积和形
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析发展成 AD 和没有发展成 AD 的两组人之间的脑结构的变
化，对 AD 病的早期诊断是非常有意义的。
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